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wing0 more nearly approached each other, a l t h o w  the drsg of tho 
circular-arc wing wa8 still considorably Ugher than that of the 
&-series wing. 

The w e  of sharp leading-edge airfoil  sections on swept wings 
ha6 been contemplated as a me- of  reducing drag at supersonic 
velocities. Inamuch BB advekse long2tudinal stability and stalling 
characteristics on swept wings witb  conventilonal  profiles have been 
encounterea at low speed in previous inveetigatiom, it was considered 
desirable to  investigate the low-aped cha,racteristice  of a m p t  
wing with a shayp leading edge- A series of t e s t e  were made, there- 
f,ore, in the L m & e ~  19-fOOt preaaure twnel on a wing having eo 
sweepback at the' lea" edge and incorporatiq Ghiu spmetrical 
circular-arc.airfo,il sections. The wing bad an aspect  ratio of 3-9  
and a taper r a t i o  of 0. @5: . . .  

The characteristics s'r the bmic  wing in pitch v i t h  and without 
50-prcant semiepan split flaps were obtained fim force m e ~ i ~ u r  
-and stall studies over a range of BeynoZ@.nmber frcm 3 ..09 X 10 Tnt" 
to 9-60 X 106. To Investigate  the poasibilities of improving the 
characteristics of the wing'by means of a leadingedge device,  two 
types ,of leadingedge flaps,  a f la t  and a curved flap, of approxi- 
mately 70-percent span were tested. The effects  of a fuselage in 
se+eraL vertical positions on' the characterietics or" the wing  were 
a l s o  dete-d. A0 an aid in evaluating the releults of this 
investigation, tke data are compared  with  the results of tes ts  of 
a wing with nearly identical g lan- fom but incorpor.ating NACA 6k1-U2 

. . &foil sectiom (references 1 and 2). 

The data are referred to a set of,axee coinciding with  the 
wind axes. A l l  coefficients are.b&sed upon the dbensions of the 
bask wing. Pitching moments are  computed about the quarter chord 
of the mean amodynarmtc chord. ' 
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NACA FM NO. ~7x23 

A sketch of the wing and fuselage is pyesented i n  fipm 1 a d  
a p h o t o p p h  of the wing I s  shown in figxrs 2. The wing had an 
aspect r a t i o  of 3.94 and a ra t io  of t i p  chad t o  root cho:*d of 0 .G25. 
A straight l ine  connecting the  leading edge of t'no m o t  a d -  
theore t ica l   t ip  Chords was swept back 42.05O. .Thc wing, which was 
of sol id  steel construction, m e  fabrfcated w%th a constant ~ a d . l u e  
of 83.26 inches a t  each spanwise section i n  a plane pei*penfi i~~~lar  
t o  the  lir,e of m i m u m  thickness  indicated i n  figure 1. Cordequently, 
the  leading and t r a i l i ng  edges We1-e sl.ightly curved, the mxim 
deviation from a straieht l ine  joining the  lca2.ing edges of the 
root a d  t i p  chorda being about 0.4 inch. The airfoi3.  Eections 
normal t o  the line of maxinm thickness w e ~ e  symmetrical circular- 
arc sections havfny: a maximum khicbess  a t  50 pexent  ch01.d of 10 per- 
cent a t  the  root and 6,4 perrcent at the   t ip ,  (So0 fie. 1,) P t l i ~ t l . l d  
, to   the plane of symrretry, the wing bad a thickmas of' '7.9 percont- 
chord at the root and 5.2 percent  chord a t  the t i p .  Tho wing 1m13 
lacquered and sanded t o  obtain a smooth surface. 

The fuselage WBB circular  in CTOES section and had a fineriem 
r a t i o  of 10.2. The maxinurn diameter W&B 40 percent of the root chad. 
The center section had removatle blocks t o  permit.attacbmant t o  tho  
wtng at  t h e e  ver t ica l  posf t io~m. (See f i g .  1.) Ozfiinatsa fo;* the 
fuselage are presented i n  table I .  , The fueelage was constmcted of 
hminated mho- ana bad a wooth finfsh.  

The model m a  provided  with  20-percent-chord trailing-edp s p l i t  
f lape which were deflected 6O0 from the lower aurfaco of the trine !n 
a plane n o m 1  to the  80-percent (klnge) chord. l ine .  (See f i g .  3 ,) For 
moat of the wing-alone tes ts ,   these f h p s  extenC?e& over  the inbobrr:. 
50 percent of the wing semispan, 'out f o r  the wing-fueeh 3 t ,oBta 
and fo r  several ang-a lans  tes ts  a section of each fhz f l z . ) \  percent 
of the wing semispan) was removed a t  the centor portion of the w!ng. 



These two sp l i t - f lap  configurations are hereinafter referred t o  as 
continuous a d  cut-out split flaps. 

Two types of leading-edge f l a p  Irere tested; 0118 was f l a t  In 
cross section and the other, curved- A scheqetic.dr8wing giving 
pertinent dimrwsione is presented in figure 3 and a plrotograph of 
the leading-edge f lap  installations is given in f5gure 4. The 
f laps  were of constant chord and extended from fhe 28-percent to 
the 97.9-percer;t-semfkpan s ta t ion-  The flaps were ap2roximatel.y 
32 prcent chord end 18 percent chord at the inboard and outboard 
ends, respectively, and were deflected 3 7 O  dam frm the wing chord 
IlEe in  a plane perpndiculurr t o  a l ine Joining the leading edges 
of the root  and t i p  chorde. The area of the  leeding-edge flaps 
was appcoxirrately 10 percent of the Mng area. A nom radius was 

obtained by welding a 5-inch  steel   tube to the s t e e l  flap and then 
fairing to give a smooth con-boour. 

1 

Tes.t;s were made Z n  the L q b y  19-foot preeswe tunnel crith 
the air co~npressed to 33 pounds p e ~  square inch absolute. The ' 
wing was supported eham in figure 2. Llf t, drag, and pitching 
monent mre meesured for  the QoUouIng values of Seynolde aumber 
and Mach  number: 

R Mo 

5.32 .114 
8.20 
9. &I 

179 
215 

3.09 x 106 0.068 

1 

The majority of the  tes tsmreconducted at Repolda..nunibers 
of 3.09 x 106 and 8.20 x lo6- S a e  ~L;ng-alone tests were run at 
a Reyn~lds n&er of 9. &I x 106 and the c&tnatfon of midwing 
fusela@ and flz.t-leading-edge f l ap  w w  t es ted  at a Reynolds 
number of 5-32 X 106. The stall chmacter is t ics  of most of the 
configwationz were stu6ied a5 a Reynolds n&er o f  8.20 X 106, 
but the  flat-leading-edge flap conffgw&ions were. investigated 
et a Reynolds ntrmber of 5.32 X 2.06. The s t a l l  studies were made 
by visual obaervation and fram motlon-picture recQ;'da of the . 
behavior of wool tufts attached t o  the upper Burface of the wing 
at the lo-, 20-, 40-, 60-, 80-, and 90-percent-chord  statione. 
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CoIiREcTICjms TO DATA 

Tho data hresented.hel*ein h6ve beon corrected f o r  support . 
t a r e  enti  interfe-ence  effects mci for aii:--stL*eam lplsallnement: ' . 
The jet-boundary cofrgctiom ' to  the angle of attsck and drag 
coofTicient were calculqbet? from referonce 3 and w e  as follows: 

The correction t o  the  pitching-mament coefficient d m  t o  the tunnel- 
induced  distort.lon of the wing loadtra is 

ACm = 0. ooh. CL 

All corpectiom were added t o  the data. 

The resul ts  of the  imest igat lon of the ljain Tiix and the 
wbg with  s p l i t  flaps (hereiadter referred t o  as baeic wing 
conf i~ure t iorm)  are presented i n  r'iguree 5 and 6. These data 
are  comp-ed i n  figure 7 with data on the  M C A  &-series w3ng 
of reference 3.. The &-be. Tor the leaaing-e6ge-flap tests  are  given 
In ffgurea 8 to 11, and the results of the wiq-f-uselage Investi- 
gation m e  presented i n  figwes 12 t o  14. To assist in  interpreting 

contours of constan% PJiding speed and constant vertical ( s ~ c i 4  
speed m o  SuFerhpsed on the l i f t -drag  polws  of several configu- 
rations i n  figure 15. For the  consttint; speed contours e w i n g  l o d i n g  
of 40 pun& per sguwe  foot W.B assmed? The effeCt8 of the leading- 
e@e flaw and the fuselage on the longitudinal-stability parameter 

lif%-drag varietione  in te2-m of power-off gliding characteristice, 

- m e  shown in  f igwes  16 and 17. A brief auumary of 80me of 
dCL 
tha important characterist ics of the wing in veu-ious configurations 
ie pTesonted in table 11. 
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the plain wing, at zero l i f t  the slope of tho pitchiqymment  curve 
waa positive and a t  CS; m 0.20 t o  0.50 the wing became neutrel2.y 
stable or slightly atable. A large unetable variation of .thG 
pitchi@ mcrment occur-rod between % 0.50 and ma at, 
a &&le vwia t ion  was obtdned .  The pitckiralmcslent  veria-kim for  the 
flapped wing was similar t o  tha t  of the gl.ain xhg. Exadnation 
of the stall studies (fig.  9) associates the onset of th6 dost&bi- 
llzlng effect  with a i-ou@! una stalled region a t  the wing t ips .  

%a 

The drag coefficients were very .high at modemte t o  high 
l i f t  coefficients. At equal. values. of lift coefficient above 0.6 
the drag of the wing with flaps wae lme? tlim tha t  of the fla.in 
wing. It ahould be pointed.out that ixitial stall- began at a 
couiderably  higher lift coefficient fer the  wing with Bpllt f laps  
as compared wtth the . p l a h  wiq~, and conseqwntly  the large increaoes 
in  drag occurred later. from figure 15 it -may be seen tl...&k, for 
the wswci conditions, the cd.culeted sinkira sped is hi&. at aU 
forward, speeds for both the plain wing and wing wi%h s p l i t  f l a p .  

Cmparison with &-aerie8 winq- - A ccmJ?arison between tho 
charactaristica ‘of the  wing c?eecribed herein end a w i n g  of nemly 
identical  @.an form 3ut incorporating NACA G41-W airfoil sectiona 
(reference 1) is pesented In figure 7. Tho results show th&t the 
aerodynamic chmacterist lce of tho two wings dlffsr p&tl.y in 
sever& important respects no-t~thstcaiding the  new fderlkLky in 
plan  form end tk& the c h e r e c t e ~ i s t i s ~ t  of %he circult.r”c  ring 
m e  much imferior t o  thoee of the NflCA %-U2 wing- 

.The data show tha t  much higher rnaxir1w.n lii’t coefficients a n d *  

coneiderably lower drag coefficfents werg rcalized fo r  the 64-seriea 
w i n g .  The f lap effectiveness at & waa a180 much greater-  

For thk  &-series wing no largo changes In s t ab i l i t y  occurred up to 
mxlnnrm l i f t ,  ard at mBlczmum l i f t  the pitching moment broke i n  nn 
uns%able direction. On t h e  other hand, Fedrly l a q e  changes i G  
a tab i l i ty  through the lift and R stable m r i a t i o n  in the 
pitching mment at high angles of attack were, noted for the 
circular-arc wing; The limes chmacter of the lift and pitching- 
moment c&es -up t o  for  tbe 6b”erioe wing indicatsa a 

diffe1-n.f; stall progresnion frail t ha t  ezprlenced by the wing with 
circular-arc sectform. For the latter wing, a t U l n g  began at a ‘ 
relatively low lift coefficient at the lead.lw edge of the wing 
t i p s  and. padually spread rearwrd and inbowd; s t d l i q  in the 
caae of the 6k-ser.los wlw, (reference 1) occurred suddenly near 

a . d  encmpassed the e n t i m  outor half of the wing. 

czmax 

*:-la 
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LeaMng-Edge Flap. B v e s t i g a t i m  

m e  addittan of leadbg-edge flaps reduced the coefffcient 
a t  lift coefficients above 0.4 and 0.65 for the glain wlng an3 wing 
with split flaps,  respectively, however, the drag coefficients of the 
wing with leading-edge flaps were still high in   the  region of maximum 
l i f t .  In terms of airplan%@iding c h m c t e r l s t i c a   ( f i g .  15) the 
leading-cdge flaps, besidee reducing t h e  glidTng epeed caneidoribly, 
reduced the s ink ing  speeds at l i f t  coefficients  corresponding t o  tl!e 
approach condition. The values of sinking speed obtained with , . 
lea9ing-edge flap are, for the aseumed conditfons, In'excess of the 
maximum value of  feet per second recommeaded in reference 5 .  - 

The main effects of the lemiing-edge flaps on t he  pitching- 
moment chwacteristics were the eUmineb.tion of the lar3e docroaso 
in s t a b i l i t y  at moderate t o  high angles of attack that occurred, 
with the basic wing, and a reauction in s t a b i l i t y  in the low l l P t  

coefficient range. The variations of (z)cjk d t h  CL for the. 

wing with and without leading-edge flaps (fig.  16) give some idea of 
the magnftude of t h e w  changes Fn s t ab i l i t y .  Above C h a  the 
pitchlng moment of the &g with lsad3ng-edge flaps v a r d  in a 
stable direction. 

The characteristfcs of the ciroular-arc 7 x b g  with leading-edge 
flaps were quite simflar to tho89 of the 641-112 wing in a similar * 

configumtim (reference 2) with respect t o  C b  and with reapect 
to the variation of pitohing-moment coofficlent  with Lift coefficient 
at high angles. of attack. (See fig. 10.) The drag coefficiente of 



the c i r c u l a r a r c  wfng, however, were considerably greater t h w  : ~ 

those of the  aS-ll2 wing. 
, I' 

StaL lFnn characteristics. - In contraat 't'o the e a r l y  t i p  stall iq 
of the baaic wir~, stalling of the wing with leading-e e flapn 
occurred initially in the  regto= near the root (rig. ll Y , EO t he t  
no loss in stability  occurrea throughout the l i f t  range. At 
moderate l i f t  coefficients rough floy originated  behind  the labom-d 
end of the 1ead;i.ng-edge flap. As the angle of atkack wec increased, 
the rough flow shread  both  inboard end mtbowd, while the ;wrtion 
of the wing direct,@  behind  the  inboard end 'o$. the ;flap Sjecune 
s ta l leb.  , The skal led areE then broadened, r~o-~ring inbowd at a 
faster   ra te   than it progressed mtboard. At qzxbmn 1if.t the celi-tel- 
sec-bion of the wing Was &nost ccmpIetely s t c u e d l  lnlen the oait 
flays.  and f la t  leeiLLng-edge flaps were on {fig. ='(a) ), $he ti2s of 
the wire; s ta l led  at apyroxbmtely  the same t$me as the rucmt secttons 
causing a sudden l d 8 ~  i n  lift S t e r  ues roached. For the . 

same condition with curved leadfng-edge flays on, t i p  s",llng was 
not obtained and the s t a l l  pogresslon was s5idlai.  to tlat shan: 
in figure- XI.( E$ 

cLmnx 

. _ .  

. .  
Zffects of Fucelage . 

.. 

Basic w i r q .  - As shorn i n  figtlre 12, the &i t ion  of the fuselage 
in  m y  of -the  three  vertical  sosition6 t o   t 3e  plain wing cmsed no 
large changes In the. w i n g  cbmacteriatics.  . A slf&t increase in 
& w a s  obtaFned with.  the  high and miesing. azrqements. The 
inclwment i n  drag at zero l i P t  v a ~  about 0.CO.jO anti then deci*eC.Sed 
at higher lifts. As nmmelly wo-dB be  expected tile Buselage 
poduced a reasonable deetabil izing  effect  t&ou@&t tile i 9 f Q  
r q e .  (See fig. 17.) I 

, .  . 

For the wing. with cut-out eplft flaps (fig! 3.3) the a5diti.m 
of the  f'welage, as in the c&ae of the T i a l r ,  vlng, did not p*ociuco 
any unususlly lmge c h q e a  i n  the  chh;-acte;-istics of the w i n g .  
It is  evifient, however, t h a t  the hi&-wix and mid-xinc azrmgementa 
had better l f f t  and drag chwacte2iEtics than ei5 lsr  the loir-ufw. 
a r rqenen t  o r  the  fucelage-off  condition. Inasmuch a8 ';he center 
section of the flaps WP.S remwed for  these tests, the 1ncr'aas.o i n . ,  
l i f t  and reduction in d r e g  experienceii when the f a e l Q c  w m  In. 
the hich end midwing'positione may result f1.a slleviaticn of' t.hs 
depreBs% on of the span loading caused by th0 C l q  cut-out . In fact ,  
the chmacte=is%ics for these two arrangemento anroach thoae of 
the, fuselage-off arrangement with  the fle.ps continuing into the 
root  section (fig. 9 ) .  . e .  



From the   resu l t s  og the investi@ion in the Lengley 19-foot 
pressure tunnsl of  EL 42 sweptback -&rig with thin spmetr9cal 
circular-arc airfoil B ~ C ~ ~ O R S ,  the follawfng conclua!.one r:ls.y 'he 
d-awn: 

1. The cheracteriatics of the basic wing, frora law-meed 
considerations, were poor. 

2. kximum lift coefflcfents of atout 0 ,3 j  a d  0.z were 
obtained for the plain wing and f o r  tho wing with half -span e p l i t  
f b p s  , respectively, Large unstable  wxdations in pitching mown% 
caused by t i p   s t a l l i n g  an& agpreckble  increases i n  &ag occurred 
at moderate angles of attack. 

3, The wing with leading-edge flags exhibited reasona1l:r good 
characteristice. Tho addition of leading-edge flaps increased C 

t o  1,18 f o r  the wing without a p l f t  f laps  and -to 1.52 f o r  tne wing with 
epl i t  f lap8 and eliminated the large unatable varfations i n  pitching 
moment by delaying stalling over the outboard sections of tho  f lag. 

zmex 





NACA RM NO. ~ 7 ~ 2 3  13 

1. Eeely, Rokert H., Etnd Comer, D, Willim: Aerodpaiic Chamcter- 
i a t i ce  of a 42' Swept-Back Wing with Aepect Ratio 4 and 
NACA 64 -122 AilyPoil Sections at Reynolds Numbers from 1,700,COO 
t o  9,500,000. EIACA Rh$ No. Yip14, lg!cC(. 

1 

2. G r a h a n ,  lobert  R., and C a n n e r ,  D, William, 1nvest;igatlon of Eigh- 
Lift ,  and Stall-Control  Devices on an NACA 64-series 4 2 O  Swept- 
back Wing with and wi thout  %solage. DXCA REI Eo. L7Go9, 1947. 

3.  Eiaenetadt, Bs-rtztm J. : Bomdmy-Inducad Upash f o r  Yawed and 
Swept-Back Wing8 i n  Closed C?.~c&r Win& Turnels, N4CA TN 
No. 1.265, 1347. 

4,  Underwood, Wlll?-a J;, and Fuker, Robe;..t J,: Two-Dimemiane.1 
Wind-Tunnul Invostiga-bion a t  Eigh B e p o l 0 8  Nunkers of Two 
Symmetrical Circular-Arc Aiyfoi l  Seot iars  with Efigh-lift 
Dwicea. R N A  HM No. L e ,  1947. 

5 .  Gustafson, F. XI., and O'.Sullivan, Willian J., Jr.: The Effect 
of Hz& Wjns M i n g  on Landing Techique and Distance, 
with Expe;-fmental. Data f o r  the B-26 Airplane, NACA Am 
No. L&O7, 1943 



RAGA RM NO. ~ 7 ~ 2 3  



NACA RM No. L7F23 15 . 

TABLE rr 

SUMMARY OF THE CHARACTERISTICS OF A CIRCULAR-ARC 42' 

S'HEPTBACK WING WITH VARICUS FLAPS 

a. Wing 
~ 

20 .o 0 

F- 9 

21.5 

b. wlng-fuselage combination; midwing position 

20 .o 0.226 12 

I".- .226 13 SPli t 1 .oo 
(cut-out) 

Flat  1.40 
leading edge 

Flat leading 1.50 
edge and s p l i t  

4 

14 
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! 
" 17'0.95' 

t "-1 

Figure I.-Sketch of  wing  and fuselage. Wing  area ,4728 sq.in.; mean 
aerodynamic chord, 35.3 I in. aspect ratio, 3.94. 
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Figure 2.- A 4Z0 sweptback wing mounted in the Lmgley 19-foot pressure tunnel. 

. .  
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6625' 1 
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Sec. A-A 

F/&re 3 .- Schemufic druw/hg of high //if &vices 
for 42" swepf -buck wing. 



. 
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(a) Flat leading-edge flap. 

(b) Curved leading-edge flap. 

Figure 4.- Leading-edge  flap installation on 4Z0 sweptback wing. 
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Figure 5 .- S t a h g  characteristics of o 42' swepfback  wing. 
R = 8.20 x10 . 



. . . . . . . . . . . . . .  . . . . . . . . . . . 

Z 
P 
r 
i2 
c\3 
w 

. .  . . .  . . . . . . . . 

. .  



" . . . . . . . . - . . . , . .. . . . . . . . . . . . . . . . . 

I . 

. .  . 



. . . . . . . . . . . . .  .. - 

. .. . 



. . . .  . . . . . . . . . . . . .  - . . . . . . . . .   . . . .  

I 

...... 

N 
-4 

. . .  . .  



. .  . 
. -. . . . . . . . . . . . . 

F 

. . . . . . . . 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . .  - . 

I .. 

. . . . . . . . . .  - 

. . .  . . . . .  . . .  . . . .  .. .. 
1 



. .  . 



* ' I  



.. . . . . . .  . . . . . . . . . . 

W 
N 

E 
H 



NACA RM No. L7E23 33 

c 

\a) Split  flaps off. (b) Split fIaps on. (c) Midwiq  fuselage and 

Figore 1 I .-Stalling characteristics of a 4 2 O  sweptback wing with a flat leading-edge flap R=532x10'. 
Olmm-Tr 
I,- - split flaps on. 
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Figure 16.- Varia t ion  of (dCddCL)zh w i t h  l i f t  coef f ic l sn t  fop a 420 

sweptbsck w i n  with and without a f l a t  leadlne-edge flap. 
R = 5.32 x 10g. 
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F i g u r e  17.- Varia t lon  of (dC,/dCL)- w i t h  llrt c c ~ e f f l c i e n t  f o r  a 42O s w e p t -  .A+ 
back winc for several  n i n ~ - f u a e l a g e  arransments. R = 8.2 x lo6. 
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